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The Healthcare loT Challenge

Traditional Maintenance Model The Opportunity

e Reactive repairs after device failures e Real-time device performance monitoring
e Unexpected downtime disrupts patient care e Predictive failure detection

e Extended mean time to repair e Proactive maintenance scheduling

e |nefficient resource allocation e Optimized operational efficiency

Medical diagnostic systems require continuous availability to support critical healthcare delivery. Traditional reactive
maintenance creates operational gaps that impact patient care and increase costs.



Our loT Deployment Scope
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Edge-First Architecture Overview

Smart Sensors

"]

Continuous device performance monitoring at source

Secure loT Gateways

Local data aggregation and initial processing

Edge Processors

Real-time analytics and anomaly detection

Cloud Analytics

Advanced ML models and long-term insights



Edge Computing Benefits
r

73%

Telemetry Reduction Anomaly Detection

Decreased raw data transmission to cloud Preserved critical alerting capabilities

The edge-first approach processes data locally, transmitting only relevant insights to the cloud. This dramatically reduces
bandwidth requirements while maintaining real-time anomaly detection for critical alerts. Edge processors analyze device
telemetry continuously, identifying patterns that require immediate attention versus routine metrics suitable for batch

transmission.



Zero Trust Security Framework
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AES-256 Encryption Automated Certificate Just-in-Time Access
Rotation

End-to-end protection for all loT Principle of least privilege with time-
communications and data at rest 90-day cycle ensures continuous bound permissions

credential freshness

Our security architecture assumes breach scenarios and implements defense-in-depth strategies. The framework successfully
withstood 17 penetration testing scenarios, validating enterprise-grade protection suitable for sensitive medical [oT
environments.



Machine Learning Model Performance

Predictive Accuracy Achievement

Machine learning models trained on 3.7 million hours of loT telemetry
achieved through continuous learning
optimization.

The system identifies potential device failures days before occurrence,
enabling proactive maintenance scheduling that minimizes unexpected
downtime and optimizes technician resource allocation.

e Multi-parameter performance analysis
e Pattern recognition across device cohorts
e Continuous model refinement with new data

e Early warning alerts for degradation trends
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Enterprise Integration Architecture
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loT Data Pipeline Automated Triggers Maintenance Ticketing
Edge devices through cloud analytics Event-driven workflows based on Seamless integration with service
platform predictive insights management systems
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Inventory Optimization Technician Dispatch

Smart spare parts management and procurement Intelligent scheduling based on priority and location



Operational Impact: Before and After

Device Availability

Critical Response Time

Mean Repair Time...
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Device availability measured as percentage uptime. Response time in minutes. Mean repair time shown as index (100 =
baseline).



Financial Results and ROI

$437K

Annual Cost Savings

e Reduced emergency repairs

e Optimized parts inventory
e Decreased device downtime

e Efficient technician utilization

9 Months

Return on Investment

e Infrastructure deployment costs recovered

e Ongoing operational savings realized
e Sustained improvement trajectory

e Scalable to additional locations




Key Architectural Design Patterns

Distributed Edge Computing

Local processing reduces latency and bandwidth while
maintaining real-time capabilities for critical alerts and
immediate decision-making at the device level.
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Continuous Learning ML

Models improve prediction accuracy over time by
incorporating new telemetry patterns and device
performance data from the expanding connected fleet.
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Zero Trust Security Model

Comprehensive encryption, automated credential
management, and least-privilege access controls protect
sensitive medical data across the entire |oT infrastructure.
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Enterprise Integration

Seamless data flow from |oT sensors through analytics
platforms to business systems enables automated
workflows and operational optimization.



Implementation Lessons Learned

Technical Success Factors

e Start with comprehensive device inventory and baseline
metrics

e Design for security from day one, not as an afterthought

e Investin edge infrastructure to minimize cloud
dependencies

e Build ML models iteratively with real production data

e Plan for scalability across heterogeneous device types

Operational Considerations

e Engage clinical engineering teams early in design process
e Establish clear alert escalation protocols

e Integrate with existing maintenance workflows

e Provide comprehensive training for support teams

e Monitor and optimize continuously post-deployment



Scalability and Future
Directions

R 2 Geographic Expansion

4N

Proven architecture ready for deployment across additional
healthcare facilities and device types

£  Enhanced Integration
dx

Deeper connections with EHR systems and clinical workflows
for comprehensive operational intelligence

@5 Advanced Analytics

Next-generation ML models incorporating environmental
factors and usage patterns for even higher prediction
accuracy




Edge-first architecture delivers
both performance and efficiency

Local processing dramatically reduces bandwidth while

preserving real-time capabilities critical for healthcare
applications

Predictive maintenance
transforms operational outcomes
ML-powered insights enable proactive maintenance

that improves availability, reduces costs, and optimizes
resource allocation

Key Takeaways for loT Practitioners

Zero Trust security is essential for
medical loT
Comprehensive encryption, automated credential

management, and penetration testing validate
enterprise-grade protection

Enterprise integration multiplies
loT value
Connecting loT platforms with business systems

creates automated workflows that drive measurable
operational improvements
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